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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a steering device for a vehicle 
capable of preventing a steering angle from diverging when the coefficient 
of friction between a road surface and a wheel lower in a vehicle adopting a 
steer-by-wire system. 

SOLUTION: The movement of an actuator M for steering driven by the 
operation of an operating member 1 is transmitted to a wheel so that a 
steering angle 5 may vary without mechanical coupling of the steering 
member 1 with the wheel. A first target yaw rate y1 * meeting a first 
steering angle setting value 8a* meeting a detected operating amount Sh 
and a vehicle speed V and a detected vehicle speed V is computed and a 
second target yaw rate y2* meeting a detected lateral acceleration Gy and 
the vehicle speed V is computed. A second steering angle setting value Sy* 
is computed corresponding to the deviation of a target yaw rate whose 
absolute value is smaller out of the first target yaw rate yl* and the second 
target yaw rate y2* from a detected yaw rate y. The actuator M for 
steering is so controlled that the target steering angle 8*. which is the sum 
of the first steering angle setting value 8a* and the second steering angle 
setting value Sy*, may correspond to a steering angle 8. 
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* NOTICES * 



JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 



1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Without connecting the operating member with an operating member and the actuator for steering driven by actuation of the 
operating member mechanically at a wheel, so that a rudder angle may change according to a motion of the actuator for steering A means 
to transmit the motion to a wheel, and a means to detect the control input of the operating member, A means to detect the vehicle speed, a 
means to detect the lateral acceleration of a car, and a means to detect the yaw rate of a car, A means to calculate the 1 st rudder angle set 
point according to the control input and vehicle speed which were detected based on the relation memorized between the control input, 
vehicle speed, and 1 st rudder angle set point, A means to calculate the 1st target yaw rate according to the calculated 1st rudder angle set 
point and the detected vehicle speed based on the relation memorized between the 1st rudder angle set point and vehicle speed, and the 1st 
target yaw rate, A means to calculate the 2nd target yaw rate according to the lateral acceleration and vehicle speed which were detected 
based on the relation memorized between the lateral acceleration and vehicle speed, and the 2nd target yaw rate, A means to compare the 
absolute value of the 1st target yaw rate and absolute value of the 2nd target yaw rate which were calculated, A means to calculate based on 
the relation the 2nd rudder angle set point according to the deflection of a target yaw rate with a smaller absolute value and the detected 
yaw rate was memorized between [ whose ] the deflection and 2nd rudder angle set point in the 1 st target yaw rate and the 2nd target yaw 
rate, The power steering system for cars equipped with a means to control said actuator for steering so that said rudder angle may 
correspond to the target rudder angle which is the sum of the 1st rudder angle set point and 2nd rudder angle set point which were 
calculated. 

[Claim 2] The power steering system for cars according to claim 1 equipped with a means to control either [ at least ] the damping force of 
a wheel, or the driving force of a wheel, in said 1 st target yaw rate and the 2nd target yaw rate so that the deflection of a target yaw rate 
with a smaller absolute value and the detected yaw rate may be negated. 

[Claim 3] The power steering system for cars according to claim 1 or 2 equipped with a means to control the output of the engine for transit 
system dynamogenesis of the car so that the deflection of said 1st target yaw rate and the detected yaw rate may be negated. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the power steering system for cars which adopted the so-called steer BAIWAIYA system. 
[0002] 

[Description of the Prior Art] In the power steering system for cars which adopted the steer BAIWAIYA system, a motion of the actuator 
for steering according to actuation of the operating member which imitated the steering wheel is delivered that a rudder angle changes to 
the wheel, without connecting the operating member with a wheel mechanically. In the car which adopted such a steer BAIWAIYA 
system, the target yaw rate according to the control input of the operating member is calculated, and controlling the actuator for steering in 
agreement with a yaw rate with the actual target yaw rate is proposed so that car behavior may be stable. Furthermore, when coefficient of 
friction between a road surface and a wheel falls by road surface freezing etc., in order to prevent car behavior becoming unstable, 
controlling the damping force and driving force of a car is also proposed so that the deflection of the target yaw rate and detection yaw rate 
which were calculated according to the control input and the vehicle speed of the operating member may be lost. 
[0003] 

[Problem(s) to be Solved by the Invention] When coefficient of friction between a road surface and a wheel falls, there is a possibility that 
it will be in the saturation state to which the yaw rate of a car does not reach a target yaw rate, and a rudder angle may emit and car 
behavior may become unstable. Furthermore, when control of the actuator for steering and control of damping force or driving force 
interfere, there is a problem that car behavior cannot be stabilized. 

[0004] This invention aims at offering the power steering system for cars which can solve the above-mentioned problem. 
[0005] 

[Means for Solving the Problem] Without connecting the operating member with an operating member and the actuator for steering driven 
by actuation of the operating member mechanically at a wheel, the power steering system for cars of this invention so that a rudder angle 
may change according to a motion of the actuator for steering A means to transmit the motion to a wheel, and a means to detect the control 
input of the operating member, A means to detect the vehicle speed, a means to detect the lateral acceleration of a car, and a means to 
detect the yaw rate of a car, A means to calculate the 1st rudder angle set point according to the control input and vehicle speed which were 
detected based on the relation memorized between the control input, vehicle speed, and 1st rudder angle set point, A means to calculate the 
1st target yaw rate according to the calculated 1st rudder angle set point and the detected vehicle speed based on the relation memorized 
between the 1 st rudder angle set point and vehicle speed, and the 1st target yaw rate, A means to calculate the 2nd target yaw rate 
according to the lateral acceleration and vehicle speed which were detected based on the relation memorized between the lateral 
acceleration and vehicle speed, and the 2nd target yaw rate, A means to compare the absolute value of the 1st target yaw rate and absolute 
value of the 2nd target yaw rate which were calculated, A means to calculate based on the relation the 2nd rudder angle set point according 
to the deflection of a target yaw rate with a smaller absolute value and the detected yaw rate was memorized between [ whose ] the 
deflection and 2nd rudder angle set point in the 1st target yaw rate and the 2nd target yaw rate. Said rudder angle is characterized by having 
a means to control said actuator for steering so that it may correspond to the target rudder angle which is the sum of the 1st rudder angle set 
point and 2nd rudder angle set point which were calculated. Even if it operates an operating member, when the yaw rate of a car does not 
change with the falls of coefficient of friction between a road surface and a wheel according to the configuration of this invention, the 1st 
target yaw rate corresponding to the control input and the vehicle speed of an operating member becomes larger than the 2nd target yaw 
rate corresponding to the lateral acceleration and the vehicle speed which were detected. In this case, the 2nd rudder angle set point 
calculates according to the deflection of that 1st target yaw rate and the yaw rate detected with the 2nd target yaw rate with a smaller 
absolute value in the 2nd target yaw rate. That is, the 2nd rudder angle set point becomes a thing reflecting actual car behavior. Therefore, 
by making the sum with the 1st rudder angle set point according to the 2nd rudder angle set point, and the control input and the vehicle 
speed of an operating member into a target rudder angle, emission of a rudder angle can be prevented and stabilization of car behavior can 
be attained. Moreover, when there is no fall of coefficient of friction between such road surfaces and wheels and the 1st target yaw rate 
becomes smaller than the 2nd target yaw rate, since it calculates according to the deflection of the 1st target yaw rate and the detected yaw 
rate, the 2nd rudder angle set point becomes a thing reflecting the control input and the vehicle speed of an operating member by the driver. 
Therefore, according to the control input and the vehicle speed of an operating member, car behavior can be changed the optimal by 
making the sum with the 1st rudder angle set point according to the 2nd rudder angle set point, and the control input and the vehicle speed 
of an operating member into a target rudder angle. 

[0006] It is desirable to have a means to control either [ at least ] the damping force of a wheel or the driving force of a wheel, in said 1st 
target yaw rate and the 2nd target yaw rate, so that the deflection of a target yaw rate with a smaller absolute value and the detected yaw 
rate may be negated. Thereby, either [ a rudder angle and / at least / both ] the damping force of a car or driving force will be controlled in 
the 1 st target yaw rate and the 2nd target yaw rate to negate the deflection of a target yaw rate with a smaller absolute value, and the 
detected yaw rate, and they can prevent that each control interferes mutually. 

[0007] It is desirable to have a means to control the output of the engine for transit system dynamogenesis of the car so that the deflection 
of said 1 st target yaw rate and the detected yaw rate may be negated. Since the 1st target yaw rate becomes larger than the 2nd target yaw 
rate when car behavior tends to become unstable by the fall of coefficient of friction between a road surface and a wheel, the deflection of 
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the 1st larget yaw rate and the detected yaw rate becomes larger than the deflection of the 2nd target yaw rate and the detected yaw rate. By 
controlling engine power so that the big deflection is negated, the amount of control of the engine power becomes large. Thereby, when 
coefficient of friction between a road surface and a wheel falls, the amount of control of engine power can be enlarged and stabilization of 
car behavior can be attained. 
[0008] 

[Embodiment of the Invention] The power steering system for cars shown in drawingj. delivers a motion of the actuator M for steering 
driven according to rotation actuation of a steering wheel (operating member) 1 that a rudder angle changes with steering gear 3 to the 
anterior part right-and-left wheel 4, without connecting the steering wheel I with a wheel 4 mechanically. 

[0009] Electric motors, such as a well-known brushless motor, can constitute the actuator M for steering, for example. The steering gear 3 
have the movement translator which changes rotation of the power shaft of the actuator M for steering into the rectilinear motion of the 
steering rod 7. A motion of the steering rod 7 is transmitted to a wheel 4 through a tie rod 8 and a steering knuckle arm 9. If these steering 
gear 3 can use a well-known thing and a rudder angle can be changed by motion of the actuator M for steering, they can constitute a 
configuration by what has the nut in which is not limited, for example, a rotation drive is carried out by the power shaft of the actuator M 
for steering, and the screw shaft united with the steering rod 7 while screwing in that nut. In addition, in the condition that the actuator M 
for steering is not driving, the wheel alignment is set up so that a wheel 4 can return to a rectilinear-propagation steering location by the 
self-aligning torque. 

[0010] The steering wheel I is connected with the rotation shaft 10 supported by the car-body side pivotable. In order to make the actuation 
reaction force taken to operate the steering wheel I act, the reaction force actuator R which adds torque to the rotation shaft 10 is formed. 
Electric motors, such as a brushless motor which has the rotation shaft 10 and the power shaft of one, can constitute the reaction force 
actuator R. 

[001 1] The elastic member 30 which gives the elasticity of a direction which returns the steering wheel 1 to a rectilinear-propagation 
steering location is formed. The spiral spring which gives elasticity to the rotation shaft 10 can constitute this elastic member 30. When the 
above-mentioned reaction force actuator R has not added torque to the rotation shaft 10, a steering wheel I returns to a rectilinear- 
propagation steering location by the elasticity. 

[001 2] The angle sensor 1 1 which detects the actuation angle corresponding to the angle of rotation of the rotation shaft 10 as a control 
input of the steering wheel 1 is formed. The torque sensor 12 which detects the torque transmitted by the rotation shaft 10 as actuation 
torque of the steering wheel 1 is formed. 

[00 1 3] As a rudder angle of a car, the rudder angle sensor 13 which detects the travel of the steering rod 7 is formed. A potentiometer can 
constitute the rudder angle sensor 13. 

[0014] The angle sensor 1 1, torque sensor 12, and rudder angle sensor 13 are connected to the steering system control unit 20 constituted 
by computer. The lateral acceleration sensor 15 which detects the lateral acceleration of a car, the yaw rate sensor 16 which detects the yaw 
rate of a car, and the rate sensor 14 which detects the vehicle speed are connected to the control unit 20. The control device 20 controls the 
above-mentioned actuator M for steering, and the reaction force actuator R through the drive circuits 22 and 23. 

[0015] The braking system for braking the front and rear, right and left wheel 4 of a car is formed. The braking system generates the oil 
pressure for braking according to the treading strength of a brake pedal 5 1 by the master cylinder 52. The oil pressure for braking is 
distributed to the brake gear 54 of each wheel 4 while it is amplified by oil pressure control unit B for braking, and each brake gear 54 
makes damping force act on each wheel 4. The oil pressure control unit B for braking is connected to the transit system control unit 60 
constituted by computer, this transit system control unit 60 - the steering system control unit 20 and each wheel 4 - the braking pressure 
sensor 61 which detects each oil pressure for braking according to an individual, and each wheel 4 — the wheel speed sensor 62 which 
detects each rotational speed according to an individual is connected. This transit system control unit 60 controls oil pressure control unit B 
for braking to be able to distribute according to the feedback value by the rotational speed and the braking pressure sensor 61 of each wheel 
4 which are detected by that wheel speed sensor 62, while amplifying the oil pressure for braking, thereby -- the front and rear, right and 
left wheel 4 — it is supposed that it is possible to control each damping force according to an individual. The oil pressure control unit B for 
braking is made possible [ generating the oil pressure for braking with the pump built in with the oil pressure indication signal for braking 
from the transit system control unit 60 ] even when actuation of a brake pedal 5 1 is not made. 

[0016] The actuator E for a throttle-valve drive of the engine for transit system dynamogenesis of a car is connected to the transit system 
control device 60. The actuator E is made possible [ controlling the engine power by driving with the signal from the transit system control 
device 60, and changing the opening of a throttle valve ]. 

[0017] DrawingJZ shows the control-block Fig. of the above-mentioned power steering system. The notation in the control-block Fig. is as 
follows. 

deltah: Actuation angle delta: Rudder angle delta* : Target rudder angle deltaa* : 1st rudder angle set point deltagamma* : The rudder- 
angle [ 2nd ] set point beta: Angle-of-sideslip T:actuation torque T* of a car 100 : Target actuation torque gamma: Yaw rate gammal* : 1st 
target yaw rate gamma2* : 2nd target yaw rate Gy:lateral acceleration V:vehicle speed omega : [ Wheel speed im* ] : Target drive current 
ie* of the actuator M for steering : Target drive current ih* of the actuator E for a throttle- valve drive : The target drive currents delta PI, 
delta P2, delta P3, and delta P4 of the reaction -force actuator R: Oil pressure for directions braking [0018] Moreover, Kl is 1st rudder angle 
set point deltaa* to actuation angle deltah. 1 st rudder angle set point [ from actuation angle deltah which is gain and was detected with the 
relation between deltaa*=Kl and deltah ] deltaa* It calculates. The Kl shall be small according to the increment in the vehicle speed, as it 
considers as the function of the vehicle speed V, for example, the ratio of the yaw rate of the car 100 to actuation angle deltah is not 
concerned with the vehicle speed, but serves as abbreviation regularity, and shown in drawing 3 . That is, a control unit 20 is its actuation 
angle deltah, and the vehicle speed V and 1st rudder angle set point deltaa*. 1st rudder angle set point deltaa* according to actuation angle 
deltah and the vehicle speed V of a between which memorized the gain Kl showing the relation defined beforehand, and were detected 
based on the relation It calculates. 

[0019] K2 is target actuation torque T* to actuation angle deltah. Target actuation torque [ from actuation angle deltah which is gain and 
was detected with the relation between T* =K2 and deltah ] T* It calculates. That is, a control unit 20 is the target actuation torque T*. The 
gain K2 showing the relation as which it was beforehand determined between actuation angle deltah is memorized, and it is based on the 
relation and detected actuation angle deltah, and is target actuation torque T*. It calculates. The K2 is adjusted so that optimal control can 
be performed. In addition, it replaces with actuation angle deltah, the actuation torque T is used, and it is target actuation torque T*. 
Relation with the actuation torque T is defined beforehand, and is memorized, and it is target actuation torque T* from the relation and 



http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje 8/20/2007 



4 



JP,2001-219862,A [DETAILED DESCRIPTION] 



Page 3 of 5 



actuation torque T. You may make it calculate. 

[0020] K3 -- 1st rudder angle set point deltaa* Receiving 1st target yaw rate gamma 1* gain — it is -- gamma 1* =K3 and deltaa* 1st rudder 
angle set point deltaa* by which the operation was carried out [ above-mentioned ] with relation from ™ 1st target yaw rate gamma 1 * It 
calculates. With this operation gestalt, the K3 is made into the stationary gain of the yaw rate to a rudder angle, and is made into K3=W 
j( 1+SF-V2) LJ . SF is a stability factor, L is a wheel base, and it is the value of a proper here at a car 100, respectively. That is, a control 
unit 20 is the 1st rudder angle set point deltaa*. 1st target yaw rate gammal * 1st rudder angle set point deltaa* which memorized the gain 
K3 showing the relation as which it was beforehand determined between the vehicle speed V, and was calculated based on the relation 1st 
target yaw rate gammal * according to the detected vehicle speed V It calculates. 

[0021] K4 is 2nd target yaw rate gamma2* to lateral acceleration Gy. 2nd target yaw rate gamma2from lateral acceleration Gy which is 
gain and was detected with relation between gamma2*=K4 and Gy * It calculates. Since the relation with the yaw rate gamma which acts 
in the lateral acceleration Gy which acts in the direction shown in the car 100 which circles with the vehicle speed V in the direction shown 
by the arrow head 40 in drawing 4 by the arrow head 41, and the direction shown by the arrow head 42 is gamma=Gy/V when it considers 
that a car 100 is in a stationary circle revolution condition, it is set to K4=l/V with this operation gestalt. That is, a control unit 20 is the 
2nd target yaw rate gamma2*. 2nd target yaw rate gamma2* according to the lateral acceleration Gy and the vehicle speed V between 
lateral acceleration Gy and the vehicle speed V which memorized the gain K4 showing the relation defined beforehand, and were detected 
based on the relation It calculates. 

[0022] A control unit 20 is the calculated 1st target yaw rate gammal*. An absolute value and 2nd target yaw rate gamma2* An absolute 
value is compared and it is the 1st target yaw rate gammal*. 2nd target yaw rate gamma2* The deflection of the target yaw rate min with a 
smaller absolute value (gammal * and gamma2*) and the detected yaw rate gamma is calculated in inside. 

[0023] G 1 is 2nd rudder angle set point deltagamma* to the deflection of the min (gammal * and gamma2*) and yaw rate gamma. It is a 
transfer function. 2nd rudder angle set point [ from the relation of deltagamma* =G1- {min(gammal* and gamma2*)-gamma}, and the 
calculated deflection [min(gammal * and gamma2*)-gamma} ] deltagamma* It asks. The transfer function Gl becomes Gl=Ka[l + l-/(Ta- 
s)] by setting a time constant to Ta about gain, setting Ka and the Laplacian operator as s, when performing PI control. The Gain Ka and 
time constant Ta are adjusted so that optimal control can be performed. That is, a control unit 20 is the deflection {min(gammal* and 
gamma2*)-gamma) and 2nd rudder angle set point deltagamma*. 2nd rudder angle set point deltagamma* according to the deflection {min 
(gammal * and gamma2*)-gammaj which memorized the transfer function Gl showing the relation at which between was appointed 
beforehand, and was calculated based on the relation It calculates. 

[0024] 1st rudder angle set point deltaa* in which G2 carried out [ above-mentioned ] the operation 2nd rudder angle set point 
deltagamma* Target rudder angle delta* which is the sum from - target drive current im* of the actuator M for steering to the deflection 
which deducted the detected rudder angle delta It is a transfer function. Namely, relation of im* =G2- (deltaa* +deltagamrna*-delta) and 
calculated 1st rudder angle set point deltaa* 2nd rudder angle set point deltagamma* and target drive current im[ from the detected rudder 
angle delta ] * It asks. The transfer function G2 becomes G2=Kb[l+l-/(Tb-s)] by setting a time constant to Tb about gain, setting Kb and 
the Laplacian operator as s, when performing PI control. The Gain Kb and time constant Tb are adjusted so that optimal control can be 
performed, namely, the control unit 20 — 1 st rudder angle set point deltaa* 2nd rudder angle set point deltagamma* Target rudder angle 
delta* which is the sum from - the deflection and target drive current im* which deducted the detected rudder angle delta Memorize the 
transfer function G2 showing the relation at which between was appointed beforehand, and it is based on the relation. Calculated 1st rudder 
angle set point deltaa* and 2nd rudder angle set point deltagamma* It is based on the detected rudder angle delta, and is target drive current 
im*. It calculates. The target drive current im* It responds and Actuator M drives. Thereby, the rudder angle delta is target rudder angle 
delta*. The actuator M for steering is controlled to correspond. 

[0025] target actuation torque T* in which G3 carried out [ above-mentioned ] the operation from — target drive current ih* of the reaction 
force actuator R to the deflection which deducted the detected actuation torque T It is a transfer function. Namely, relation of ih* =G3- (T*- 
T), and calculated target actuation torque T* and target drive current ih[ from the detected actuation torque T ] * It asks. The transfer 
function G3 becomes G3=Kc[l-H-/(Tc-s)] by setting a time constant to Tc about gain, setting Kc and the Laplacian operator as s, when 
performing PI control. The Gain Kc and time constant Tc are adjusted so that optimal control can be performed, namely, a control unit 20 - 
- target actuation torque T* from — the deflection and target drive current in* which deducted the detected actuation torque T Target 
actuation torque T* which memorized transfer function G3 showing the relation at which between was appointed beforehand, and 
calculated based on the relation Target drive current ih* according to the detected actuation torque T It calculates. The target drive current 
ih* It responds and Actuator R drives. 

[0026] 2nd target yaw rate gamma2* in which G4 carried out [ above-mentioned ] the operation from - it is the transfer function of angle- 
of-sideslip beta of a car to the deflection which deducted the detected yaw rate gamma. Namely, relation of beta=G 4- (gamma2*-gamma) 
and calculated 2nd target yaw rate gamma2* Angle-of-sideslip beta is called for from the detected yaw rate gamma. In the car 100 with 
which the oversteer condition sideslipped as shown in (1) of drawing 5 , and the car 100 with which the understeer condition sideslipped as 
shown in (2) of dr awing 5 When the angle which the direction shown with the car-body center line shown with the dashed line in alignment 
with the cross direction of the car 100 and the broken line with which a car 100 runs when there is no sideslip makes is set to angle-of- 
sideslip [ of a car ] beta, An approximation target is asked for angle-of-sideslip beta with the time quadrature value of (Gy/V-gamma), i.e., 
beta=integral(Gy/V-gamma) dt. Moreover, since it is gamma2* =K4 and Gy=Gy/V as mentioned above, (gamma2*-gamma) becomes 
differential value d beta/dt of angle-of-sideslip beta. Therefore, with this operation gestalt, it may be G4=I-/s, using the Laplacian operator 
as s so that the integral value of (gamma2*-gamma) may be set to angle-of-sideslip beta, namely, the control unit 20 - 2nd target yaw rate 
gamma2* from » 2nd target yaw rate gamma2* which memorized the transfer function G4 showing the relation as which it was 
beforehand determined between the deflection and angle-of-sideslip beta which deducted the detected yaw rate gamma, and was calculated 
based on the relation Angle-of-sideslip beta according to the detected yaw rate gamma is calculated. 

[0027] G5 is the transfer function of the oil pressure delta PI , delta P2, delta P3, and delta P4 for directions braking to the front and rear, 
right and left wheel 4 to the deflection of min (gammal* and gamma2*) which carried out [ above-mentioned ] the operation, and the 
detected yaw rate gamma. Each oil pressure delta PI, delta P2, delta P3, and delta P4 for directions braking is called for as deflection with 
the oil pressure for braking detected by the braking pressure sensor 61. The rate of phase contrast of each oil pressure delta PI, delta P2, 
delta P3, and delta P4 for directions braking is defined according to the wheel speed omega of each detected wheel 4. Based on the relation 
of deltaP=G5- |min(gammal* and gamma2*)-gamma}, the oil pressure delta PI, delta P2, delta P3, and delta P4 for directions braking is 
called for from calculated min (gammal* and gamma2*), the detected yaw rate gamma and the oil pressure for braking, and wheel speed 
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omega. The transfer function G5 can be defined like the case where the braking pressure of a car is controlled to lose the deflection of the 
conventional target yaw rate and a detection yaw rate. Namely, a control unit 60 memorizes the transfer function G5 showing the relation 
as which it was beforehand determined between the {min(gammal* and gamma2*)-gamma} , the oil pressure delta PI, delta P2, delta P3, 
und delta P4 for directions braking, the oil pressure for braking, and wheel speed omega. Based on the relation, calculated min (gamma 1 * 
and gamma2*), the detected yaw rate gamma and braking oil pressure, and the oil pressure delta PI , delta P2, delta P3, and delta P4 for 
directions braking according to wheel speed omega are calculated. Oil pressure control unit B for braking generates the oil pressure for 
braking, and each brake gear 54 makes damping force act on each wheel 4 by the seal of approval of the oil pressure indication signal for 
braking according to the oil pressure delta PI, delta P2, delta P3, and delta P4 for directions braking being carried out. Thereby, it is 1st 
target yaw rate gamma 1 *. 2nd target yaw rate gamma2* The damping force of the wheel 4 of front and rear, right and left is controllable to 
negate the deflection of a target yaw rate with a smaller absolute value, and the yaw rate gamma in inside. Furthermore, a control unit 60 
judges the sideslip direction of a car 100 from the sign of angle-of-sideslip beta by which the operation was carried out [ above- 
mentioned ], and judges whether the sideslip is promoted based on the decision with the damping force which acts based on the calculated 
oil pressure delta PI , delta P2, delta P3, and delta P4 for directions braking. For example, when the damping force of a right-hand side 
order wheel is larger than the damping force of a left-hand side order wheel, in order that a car 100 may rotate clockwise, a sideslip is 
promoted when the sideslip direction is the right. When a sideslip is promoted such, as the behavior of a car 100 does not become unstable, 
a control unit 60 does not output the oil pressure indication signal for braking. 

[0028] G6 is 1st target yaw rate gamma 1* which carried out [ above-mentioned ] the operation. Target drive current ie* of the actuator E 
for a throttle-valve drive to deflection with the detected yaw rate gamma It is a transfer function. Namely, relation of ie* =G6- (gammas- 
gamma) and calculated 1st target yaw rate gammal* Target drive current ie[ from the detected yaw rate gamma ] * It asks. The transfer 
function G6 becomes G6=Ke[l + l-/(Te-s)] by setting a time constant to Te about gain, setting Ke and the Laplacian operator as s, when 
performing PI control. The Gain Ke and time constant Te are adjusted so that optimal control can be performed. That is, a control unit 60 is 
the deflection (gammal *-gamma) and target drive current ie*. 1st target yaw rate gammal* which memorized the transfer function G6 
showing the relation at which between was appointed beforehand, and was calculated based on the relation Target drive current ie* 
according to deflection with the detected yaw rate gamma It calculates. The target drive current ie* The actuator E for a throttle-valve drive 
drives with the embraced signal. Thereby, it is the 1 st target yaw rate gammal *. The output of the engine for transit system dynamogenesis 
of a car 1 00 is controlled to negate deflection with the yaw rate gamma. 

[0029] With reference to the flow chart of drawing 6 and drawin g 7 , the control procedure of the above-mentioned power steering system 
is explained. First, each sensors 1 1-16, actuation angle deltah by 61 and 62, the actuation torque T, the rudder angle delta, lateral 
acceleration Gy, the yaw rate gamma, the vehicle speed V, the oil pressure for braking, and the detection data of wheel speed omega are 
read (step I), next, target actuation torque T* called for based on gain K2 according to actuation angle deltah from - the deflection which 
deducted the actuation torque T becomes zero - as — transfer function G3 — being based — target drive current ih* of the reaction force 
actuator R It asks (step 2). The target drive current ih* The reaction force actuator R drives by being impressed. Next, according to 
actuation angle deltah and the vehicle speed V, it is based on gain Kl, and is 1st rudder angle set point deltaa*. It asks (step 3). The 1st 
rudder angle set point deltaa* According to the vehicle speed V, it is based on gain K3, and is 1st target yaw rate gammal*. It calculates. 
According to lateral acceleration Gy and the vehicle speed V, it is based on gain K4, and is 2nd target yaw rate gamma2*. It calculates 
(step 4). The 1 st target yaw rate gammal * An absolute value and 2nd target yaw rate gamma2* An absolute value is compared and the 
desired value min of the yaw rate of the smaller one of it (gammal* and gamma2*) and deflection with the yaw rate gamma calculate (step 
5). It responds to the deflection and transfer function G 1 , and is 2nd rudder angle set point deltagamma*. It calculates (step 6). the 1st 
rudder angle set point deltaa* 2nd rudder angle set point deltagamma* Target rudder angle delta* called for from the sum from — the 
deflection which deducted the rudder angle delta becomes zero - as - a transfer function G2 - being based - target drive current im* of 
the actuator M for steering It asks (step 7). The target drive current im* It is controlled so that the actuator M for steering produces rudder 
angle change by being impressed, next, the 2nd target yaw rate gamma2* According to the deflection which deducted the yaw rate gamma, 
angle-of-sideslip beta calculates based on a transfer function G4 (step 8). from - According to Above min (gammal* and gamma2*), 
deflection with the yaw rate gamma, and wheel speed omega and the oil pressure for braking, the oil pressure delta PI, delta P2, delta P3, 
and delta P4 for directions braking is called for based.on a transfer function G5 (step 9). It is judged whether the sideslip direction of the 
car 100 of the direction judged from the sign of the calculated angle-of-sideslip beta is promoted by the damping force which acts based on 
the calculated oil pressure delta PI , delta P2, delta P3, and delta P4 for directions braking (step 10). When the sideslip is not promoted, oil 
pressure control unit B for braking controls damping force by the seal of approval of the oil pressure indication signal for braking according 
to the oil pressure deltaP for directions braking being carried out so that car behavior is stable with damping force change (step 1 1). When 
the sideslip is promoted, the oil pressure indication signal for braking is not outputted. next, the 1st target yaw rate gammal* from - the 
deflection which deducted the yaw rate gamma - responding — a transfer function G6 — being based — target drive current ie* of the 
actuator E for a throttle-valve drive It asks (step 12). The target drive current ie* By being impressed, the actuator E for a throttle- valve 
drive changes the opening of a throttle valve so that car behavior may be stable with engine power change. Next, it judges whether control 
is ended or not (step 13), and when not ending, it returns to step 1. The key switch for starting of a car can judge the termination decision 
by whether it is ON. 

[0030] Actuation angle deltah and 1st target yaw rate gammal* corresponding to the vehicle speed V even if it operates a steering wheel 1, 
when the yaw rate gamma does not change with the falls of coefficient of friction between a road surface and a wheel 4 according to the 
above-mentioned operation gestalt 2nd target yaw rate gamma2* corresponding to the lateral acceleration Gy and the vehicle speed V 
which were detected It becomes large. In this case, that 1st target yaw rate gammal * 2nd target yaw rate gamma2* It is 2nd target yaw rate 
gamma2* with a smaller absolute value in inside. It responds to deflection with the detection yaw rate gamma, and is 2nd rudder angle set 
point deltagamma*. It calculates. Namely, the 2nd rudder angle set point deltagamma* It becomes a thing reflecting actual car behavior, 
therefore, the 2nd rudder angle set point deltagamma* 1st rudder angle set point deltaa* according to actuation angle deltah and the vehicle 
speed V which were detected the sum -- target rudder angle delta* ** -- by carrying out, emission of a rudder angle can be prevented and 
stabilization of car behavior can be attained. Moreover, there is no fall of coefficient of friction between such road surfaces and wheels 4, 
and it is 1st target yaw rate gammal *. 2nd target yaw rate gamma2* When becoming small, it is 2nd rudder angle set point deltagamma*. 
1 st target yaw rate gammal * Since it calculates according to deflection with the detected yaw rate gamma, it becomes actuation angle 
deltah and a thing reflecting the vehicle speed V. therefore, the 2nd rudder angle set point deltagamma* 1st rudder angle set point deltaa* 
according to actuation angle deltah and the vehicle speed V which were detected the sum - target rudder angle delta* ** - by carrying out, 
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car behavior can be changed the optimal according to the actuation angle deltah and vehicle speed V. Moreover, both the damping force of 
a rudder angle and a car is I st target yaw rate gammal *. 2nd target yaw rate gamma2* Since it is controlled to negate the deflection of a 
target yaw rate with a smaller absolute value, and the detected yaw rate gamma in inside, it can prevent that each control interferes 
mutually. Furthermore, when car behavior tends to become unstable by the fall of coefficient of friction between a road surface and a wheel 
4, it is 1st target yaw rate gammal*. 2nd target yaw rate gamma2* Since it becomes large, it is the 1st target yaw rate gammal*. The 
deflection with the detection yaw rate gamma is 2nd target yaw rate gamma2*. It becomes larger than deflection with the detection yaw 
rate gamma. By driving the actuator E for a throttle-valve drive, and controlling engine power so that the big deflection is negated, the 
amount of control of the engine power becomes large. Thereby, when coefficient of friction between a road surface and a wheel 4 falls, the 
amount of control of engine power can be enlarged and stabilization of car behavior can be attained. 

[003 1] This invention is limited to neither the above-mentioned operation gestalt nor each modification. For example, it shall replace with 
actuation angle deltah, the actuation torque T shall correspond to a control input, and it is 1st rudder angle set point deltaa*. 1st rudder 
angle set point deltaa* define beforehand the relation between the detection actuation torque T and the vehicle speed V, memorize it, and 
corresponding to the detection actuation torque T and the vehicle speed V based on the relation You may make it calculate. Moreover, 1st 
target yaw rate gamma 1 * 2nd target yaw rate gamma2* The driving force of not only the damping force of a wheel but a wheel may be 
controlled, or it replaces with damping force and you may make it control the driving force of a wheel to negate the deflection of a target 
yaw rate with a smaller absolute value, and the detected yaw rate gamma in inside. Moreover, it may replace with the above electric 
actuators as an actuator M for steering, an actuator may be used, the oil pressure which drives that actuator in this case is generated by oil 
pressure control unit B for braking, by sharing the oil pressure for braking and the generation source of a wheel 4, the system of the whole 
car is simplified, it improves and energy efficiency is made to a practical car attitude control system. 
[0032] 

[Effect of the Invention] When coefficient of friction between a road surface and a wheel falls in the car which adopted the steer 
BAIWAIYA system according to this invention, the actuator for steering can be controlled for a rudder angle not to emit and not to 
interfere with control of the damping force of a wheel, and driving force, and the power steering system for cars which can attain 
stabilization of car behavior effectively by controlling the output of the engine for transit system dynamogenesis further can be offered. 
[0033] 

[An indication of other techniques] In the car with which the steering wheel and the wheel were connected mechanically, even if the crew 
of a passenger seat or a backseat had noticed the delay of actuation of a steering wheel and the mistake by the driver, actuation of a steering 
wheel had to be left to the driver and was not able to prevent accident etc. Moreover, although actuation of the steering wheel at the time of 
go-astern was difficult for the unripe driver and it had resulted in often causing a minor collision, the fellow passenger was not able to 
assist a driver. Then, a motion of the actuator for steering controlled by the control device according to actuation of the steering wheel by 
the crew of a driver's seat In the car which adopted the steer BAIWAIYA system delivered that a rudder angle changes according to the 
motion to a wheel, without connecting the steering wheel with a wheel mechanically Apart from the steering wheel, an operational 
auxiliary steering wheel is formed by the crew of a passenger seat or a backseat, and it is possible to make the actuator for steering 
controllable with a control unit according to actuation of the auxiliary steering wheel, in this case, connect the switch for choosing to any in 
actuation of a steering wheel and actuation of an auxiliary steering wheel priority is given to that control unit, or Or the function to judge 
the urgency of steering based on operating speed, actuation torque, etc. of a steering wheel and an auxiliary steering wheel is given. It is 
desirable when making it drive the actuator for steering according to actuation of the side chosen by the switch actuation or actuation of a 
side with high urgency offers a practical car attitude control system. 

[0034] Controlling rolling and pitching by carrying an active suspension system in a car conventionally, and improving the stability at the 
time of transit is performed. However, since the active suspension system is expensive, it is carried only in the luxury car. By the RV where 
the car which does not carry such an active suspension system, especially a car height are large and where a center of gravity location is 
high, the inclination to the centrifugal direction of the car body under transit of a winding load etc. becomes large, the grip force of a tire 
declines, the stability at the time of transit falls, and there is a problem of be hard come to operate in order that a driver may also incline in 
the centrifugal direction. Then, a motion of the actuator for steering controlled by the control device according to actuation of a steering 
wheel The steer BAIWAIYA system delivered that a rudder angle changes according to the motion to a wheel, without connecting the 
steering wheel with a wheel mechanically, With the hydraulic pumping unit for braking controlled by the control unit according to 
actuation of a brake pedal With the brake BAIWAIYA system made to generate the oil pressure for braking of a wheel, and the engine 
controlled by the control device according to actuation of an accelerator pedal, without making piping connection of the brake pedal at the 
hydraulic pumping unit for braking In the car which adopted the accelerator BAIWAIYA system made to generate the output for a drive of 
a wheel, without connecting the accelerator pedal to an engine mechanically As opposed to the chassis 102 by which the actuator for 
steering, the hydraulic pumping unit for braking, and an engine are arranged for the body 101 with which a steering wheel H, a brake pedal, 
and an accelerator pedal are arranged as shown in drawing 8 It constitutes so that roll rotation may be attained through a guide rail 103, and 
a center of gravity G is arranged to the body 101 side, even if the body 101 rolls by this - a wheel 104 - since it is alike, respectively, and 
the load which acts can hardly change, the grip force fall of a tire can be prevented and the inclination to the centrifugal direction of a 
driver can be prevented, the car which is easy to operate while being able to improve the stability at the time of transit by the easy and 
cheap configuration can be offered. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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| Drawing 2\ 
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40 i. 5S03-l/-h?:ttHlT5 3-U-ht>tl6 
4. *il£#?a-rsilg-fe>-tfl 4«3htl>?>. 
*©ft)Iffl^S2 0CJ. SBSblHlSS2 2. 2 3?r/i-Ur±IB 
^fflr*^^x-^M4S*Ti'3 1 *x-^R*$ir { ai 

•rs. 

[0015] *M©mr^£*««&4**iis6-rsfcj5©*ij 

U-+-x^;L-5 l©S®*Cct£;D/c*IJS!lffl?*li?rv^^- 

i";>^5 2ccj:0fe^3-t±-5). *<D%mmi&mx. m 

50 4<D7U-+gi5 4CC»lSSn. S^U-+^g5 4 



5 

mspsek 6 o icmm. 3 n & . c © j&T$M8mts 6 o 

®W»fflttEE*fflWiJK:tftWr4IW»E-fe>-9-6 1 i, § 

*8 2*sS!il3tl5. C©j£fT*«»§«6 0K. *© 
*ffejSH2>-9"6 2K<fc«)tfc*a3tt*&iMS4©|5RBia 
i*WWHz>-»J-6 1 KJ:57^ - K^f i'ffitaSOT. 
3HJ3H)ffl«K ** W 4 i #tc#ET 5 C i # r * 4 «fc 5 

Bir^^&*it4 ^n-enowJtt^jiiisiKftij^-r-sc t 

°JtEi3n-Cl>4„ 

[0016] *©j£fT&M8PfgK6 0 fc, *W©jttf3fi 
ifc*j3&£JBx>j/>©;*a -j Y-JWVzmtbmTZ**. 

ftmfflM&i&6 0*>6©M#(cJ:«3!!gl&3*vC;*n? h 

I00171H2B. ±IBIM6«B©IW»^a 9 
5**. *<D«9^a ? ^HCcfcWSK^ttttT©**) r 
&4„ 

5 h : Itffft 

5 : (Kft 

5* : S«fl£ft 

St" :*2ttatHetf 

e:$M10 0©«t»9£l 

T : mtYht 

T- : S«*f|sh** 

r : 3-U- h 

Tl" :SlSl3-l,-h 

r2* :i2ii3-b-h 

Gy : «*niIS 

V : *a 

a) : *f«il 

i m* : §8)^T**aX-£M©S&llSi&«ifc 

i e' : *P ? V>\>'<)\/-7!lgStimT £3^x-£E©g 

ih* : S^T *3^x--£R©@«ISg»|S?JiE 
API. AP2, A P 3 , A P 4 : JgTnfWtWBnfcflE 

tools] *fc. k uxmtftshicftTzmimn 

WfcMS a" ©y^>-C*0> 5a' = Kl -ShOM 

{fcitfctu 3 n/cai^ft 5hi*esi tttftmmm $ a ■ 

A*MII3*i4. -£©K 1 «»ilV©08ifci 3*1. WU* 

^fF^s- hcc^t-r^^Mi o o©a-u- h©tt*#m 
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i&cMtofc-riS— 5Eifc4J:5lc. S3K^J: -^ccm 
jI©*t»tJ4CfitC^h3 < &4fe©i3tt-Cl>4,, 
MflPSiK 2 0 {J. *©j*ftsfc 5- h i*itV i as 1 «gAR 
Si^a' i©IB©^»««b6ftfcWfli*«-ryY>K 

i*e«u *©w««:a-^*ttai//c»f^ft« ht* 
avi«:i6i;fcjiiitt»iKeii*a - 4«#-rs„ 
[ooi9] k 2 »(ttf¥A 5 h cc*rr immtm 

T m ©y-r>-C*«3. T" =K2 • 5h©H^it^U3 
10 $ijffl)ilg2 0{*, *©B«tftffihJH»T 

>K2*Kttl/. -t©HtRi*ail/fct*fPftffhi«:iS 

-?*BfiH*fpi-;i/*-r a. *©K2tt«t& 

W»*fT*.*J:5«:«»3*iS. ft*. »ftft$hectt 

;U*Ti©Mffi*^«>5£«>-riattl/. *©R|«itBtth 
;u^Ti^6S«ift^h;u^T- *»jrr-5J:5Kl/T 

[0 02 0] K3tt*U»6««3efBff a* iC*hT4lfl 1 
20 SS3-U-Ft 1* ©y-/>-CA<3. r 1* =K3 • 
5 a" ©H«i±IB*J|CSnfcJBl)l6ftHfle*ff a' i 

flrci*. *©K3tttti4{c«ri3-u-h©iefity^ 

>i3tl. K3=V/( (1+SF-V ) L) i3ft 

^-^r*ot, ^ti^tiMM l o o fcaw©fii-c* 
-r«ct>%waag«2 0tt. ^oii^tsfisa 

• tliaffia-U-hrl" i*jIVi©ra©^F*« 

30 -3*a»L.fc»UKftHfl£fflff a* ilfctti LfciHif V i 
{ClEO/cmi B«3-U- f-r 1" %«»-r S. 
[002 1] K4fcHft»BS«GyCC*t-r4fll2B«3- 
l/- hr2" ©y-/>r*0. r 2*=.K4 • Gy©B8 

mtmmLtcmmmmGy tn>hw,i a*a-u- f t 

2" #ig^3:h£. H4{C*$l»-r^EP4 0-C^-r^Kl 

*3iv-c^@-r-5,*ffi i o o(c. £cEP4 i -c^t^isik: 
fiFffl-rs^jniiigG y i . *ep4 2 -c^-r^riaitcf^ffl-r 

S3-U-hTi©5H$tJ, SSI 0 0#^ra£[5ltK 
SSr*5i*ft1-iT = Gy/VT*5Ci)!p6. *H 

40 ftf,i-caK4=i/vi3nri,^ 0 Tfcfc>5. *«» 
iS2oit -e©^2a«3-u- 1- t2- tmxms. 
g y i*ji v i ©p B i©^«>5£i& h titcm^^-r y-<^ 

K 4 £iBt& L . *©B8«K»-3»*ilH3tiA:l(WlDajtG 
yiaaViCcj£Cfc»2B*3-b-hT2' 4«gt 

[0 02 2 ] *J®^g2 0 it, *<DWl#Ltcm 1 B^3 
-U-f-rl" ©«*HBia»2B«3-U-hT2- © 
$fe*ffili4J:b^L. ^lBta-U-hT 1* i$ 
2Si3-l — hr2" ©«t>nft*ftt3WhSC>#©@* 
50 3-U- hm i n (r 1" . T 2' ) i^ttJU/c3-U 
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[0 02 3] GIB, -£©m in (rl" , r2' ) i 

3-u- Yrt<mm:v:nti>mz«iLnwc&ms r" <o 

£j£M8rC&0. Sr' =G1 • {m i n (r 1* , r 
2* ) -r) OM^ijH#L/c<S^ (min (r 1" , 
t2- ) -r) £*><E>3&2ft£ftiS:^fiI<5r" Aitfc^ti 

a. zv&mm&G i p i ®mz'n sm&. 

T, Gl=Ka(l + l/(Ta-s)) CCfcS. -?•© 

y > k a M'Bist t a immtmm^n * s «t 5 tc 10 

i n (r I - , r2* ) -r) im2)Kft59:Sfii5 t - 

L. *©WflWc*-3*St*l,fc«ifc {min (r 1* . 
r2" ) -r) (ci6Cfc»2jKaRJE«aT* ZmW? 

[0 02 4] G2B. JJffiUff LfcHI 1 (KftlftSffiS a 

3^x-£M©@eSlg«jBifci m" (Dimmm-C&Zo 20 
im" =G2 • (5a* +Sr' -8) <Dffl 

• -ecoeiH^!G2«. MA»pi«iai 

ift£Tb£LT. G2=Kb (l + l/(Tb - s) ] 

lffi^tt^a- i»2*Sftg5^fifiT" £©«rc& 
g^iBttSifc i m" £ ^.n/cK^^^f 

£jtra&G2£iefgu *obb«k:»-^*. ftiiLfcar 

fcjfcft S £ {CS^# a MBttStt i m ■ 4 jUStT £ . 
©aSM*)®SiE i m* Jcj£i;-CTi>^x--#M#ggS& 

<fc 9 icmf&mr f 9- » x - * M*s*iJiSi 5 *i -5 . 
[0 02 5] G3B. JrS23§^ L> fc@$ISIf£ Y-foirT" 
#> 6 tfcfcH L tcmit h JU * T £g L 3 1 1, » 5 Jg 
#T*^*x--£R©gffiifg«j1IiJiEi h" ©{StMifc-C 40 
-?ts:t>h. i h" =G3 • (T" -T) ©H8{fc 

£ . stir l tc a amire h ;u ? t ■ £ l tm^ h )\> * 

^•^XiSSH^s . ^MTciLt. G3=Kc 
C 1 + 1/ (Tc • s ) D Sc&S. ^oy^KcteJ: 

LfctKPhJl^T£ML3IWc(Ig£@«!§g!iim?jfci h 
' £©«©^S*6n^H<14^e^Ki!(G3 4IB 50 



#RI 2001-219862 
3 

fSL. ^©M^tcS-^t. iSW0&a«8*f^ hAi»T* 
£. «ltBL/cfiSl^h;l'i'T£Ccrt;DfcSmiBKimjJSi h 
* fcigjrrs. ^©SMiiEafr^fc i h" cciEDrr^^ 

*X-*Rj&i|gI|(|;*tt£„ 

[0 02 6] G4tt. ±iejHfitLfc^2aS3-U- h 
r2" *etffltfc3-u-hr4il?K>fcfiiic» 

= G4- ( T 2- -t> ©H«4. »#LA:a»2a«3 
-U- h r 2" £^tHLfc3-U-hr£^6»jf0ft 

/s^^eti*. 05© (i) (c^-rj:^tc^--^-x 
f-rt«yii©a?t , D i/fcfsi o o-?». us© <2) (c^k 

T<t5K7>^-^f7Rl<Di!ff)WcSSl OOiC 

-e©*M i o o©B5f**i6icc?9^ i £$m-cm 

T»»^«£. «Ht »)*i«cc»iUfcl*^«:fltp|i 0 0 

**aifr -r s©^f^-r^ifi] £ -r ^ %*s?©si?t o ^ 

/8£L/c^. Wf OftiSBiSfKWtC (Gy/V-r) 

(Dmmm^m. -r^t>%. /8= j (Gy/v-t) at 

5CJ: 0*df)6ns„ Sfc. ±IB©J: -5 (cr 2* =K4 • 
Gy = Gy/VC*SA>6. (t2' -t) BfitOfl 
/30Mfid/3/dti45„ J:ot**IBItB, 
(t2- -r) ©a»ffl^«»0ft ( 8£^SJ;'5«c. 7 
7 - 5Xj|iS[^4s iLt, G4= -T 
tcfc«M»KI2 0». J&2g&3-U- hr2- ^P, 
^tH L- fc 3 - U - h r. £^ L ? 1 1> fcd^ £ 8lit 0 ft ,3 £ 

©ra©?^* en/cw^^^-r Bmm&G a «sstt 

^©KI^CS^*, SI?L}tlfl2@1§3-U-hT 
2* £. HfflLfca-U- ^r£^CIt;c/c1t^0ft/3?^ 

[0 02 7] G 5 tt. ±ISiS#0/cm in (rl - , T 
2* ) t&tiiLtc3-U--t- r t<Dmmc1i?z > m'&ZE. 
ftM$m4 ^•<Dmmft\9)>mmE.A PI. A P 2 . A P 3 , 
AP40eail!-C*5. ^&^*HttfflttEAP 1. A 
P2. A P 3 . AP4«*fJ«|JHz>1f 6 1 KJcOt^fflS 

nfc$ijKifflttii£©(i^£L/r*i?)e>n-5„ sig^iib 

ffljfiEEAPl. AP2, A P 3 . AP4<DtBJfttt$«^ 
a$n/cSWi»4©^ttjga)4Cl£;Dr^Jt)6<a.5>„ AP 
= G5 • {min (rl" , t2" ) -r) ©HtfcfcS 
iH#b/cmin (rl" , t2' ) £. t^ttJU/c 
3 - u - h r £ fMlftfflttE £ £ <E> ^$U8tiffl 

ttlEAPl. A P 2 . AP 3 . AP4#3£«>6ftS„ 
©GjtS8»G5«. fie^©atl3-U-h£^W3-U 
- h £©fi^4^c < T<k *> tc3lW©$iJSJilI£3iWJ-r -5*1 
^£[Hj^{cL-C^toSC£^-C*S„ -r^£t3*.*ljffl)^g 
60B. -e©{min (rl" . r2" ) -y) £Jg^ 
ftl)ltlffltt)IA P 1 . A P 2 . A P 3 . AP4 £*IJi*ffltt 
EE £ *teiico £ ©^©^ tbfeib h titcm&tm? {S^M 
»G5*IBttU ^©ra^CCS-^*. vH»L/cmin 
(r 1" . r2" ) £, t^tHbfcS-U- h r£fiJlbtt 
JI£ w £ CCIc; C /cJg^JttffiftffA P 1 . A P 
2. AP 3 , AP4 *©*Bj^M»fflttBEA 
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PI. A P 2 . AP 3 . AP 4 t,C&Ctcmmmi&K.i%if; 
ft -*i#EP nj $ ti £ C £ -C. mnmi&EMmz-- v hBit 

hrl" if2BS3-U-hT2' ©t£-Cil&ittfii#/h 

?s-r j; 5 «c . ffi&£«<z)$tt 4 (Dpmjizmm-c # *> „ 

^>6fSl 0 0©tii#9:£fa£¥lJ»TU -€-(D«»TtcS 

mnLtcmfn®mmmE.AP i . ap2, ap 

3. AP4(cS^^ffl-T?.*l|itl*(C s tf5. •?•©&?£ 9 

^a^-rsc £#&<,> fc©£$ftri,>s., 

[0 02 8] G6IJ. ±IBiH#L/c^l gtU3-U- h 
Tl* £&ttlL-fc3---U-- hr£©{f3^K:*tT£xa ;> 

• ©eaistis. i e - =G6 • < T 1 

• -t) ©1W<&£. i!5ffLfcilBi3-l — hrl" 

tftens. f©eiraG6«, m«p i*u©*tf 

Tetlt, G 6 = K e (l + l/(Te • s) ] Kfc 
•5. ^©y-f>Kea«£liT e «&3i&SM0|J*tT*. 

i( T r - t ) i smmmmm i e ■ £©ra©^>^ 

3 - U - h r £ OflHfetOfc D fc BSfgibmaS ie" 

srr&. -e©g«igs&nift i e - {tie d /effect j: ox 

h r £©<H^£fT*i*B-f J: 5 (C*M 1 0 0 ©jfcffJRltoJ 

[0 02 9] 116. 07©7t3-^f - h*#BSbr± 
lffli)ia6«©W»*lll*ttWr4. *-T. *-fe>lM 1 
-16. 6 1. 6 2CC c fcSai^5'h. »fEMU*T\ 
«ttJ3IKGy. 3-U-hr. *av, Sffi&ffl 

l) o &ftU$Sh{cj[&Dry-r>K2tc»-?##: 

?K»fc«H*i»tcac* J: 5 ft, e^B3^cG 3 cts-3#& 

. -?-©s^igwimtjs i it asEPflnsns 
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a* W$itbhtl& „ ^©IHllfcftia 

Sa-U-I-Tf fitflnjiggGy£iiijtV 
(Cl£Dty-/>K4K:l^S2 &tS3-U- h r 2' 

1' ©tt*ftt£»2B«3-U- hr2' ©,*e*t{iS£#s 
JtfSSft. -e©/h3t^©3-lx- h©@«fiim i n 

(rr . t2- ) ta-u- ir tommimnzti 

S (^t- >7"5) . -£©filM££i§l?8$(G 1 iKIc.Gr 

10 m2fstnwfm.m.sr' &mw$tiz (xf^ye) „ 

©fclflBftKJEffitf a' £ffl2«£ftt9:5EfilST' £©fO 
y^fl) . -e©g$I8E!il&jlE i aT #EPft];*ft.2>C£-T? 

mf&mr t>**.x.-z Miimnmt**. teem 

ZtiZ. -Xic. ^©I2B«3-U- hr 2" A^3- 

ti?f9fti3Asai?h (^t- ^7-8) . ±IBm i n 
20 (t1* . T2* ) t3-U- h Ti©<B^<i:m»Siiw 

fflttEAPl. AP 2 , A P 3 , AP4*iJjSto6n-5 

uf^9) . ^com&ztitcmm oft^s©??^^. 

«K3ti4*iaiO*W 1 0 0©®?#t3*|S]*i. -&©«@l 
L//cfg^*l]lifflttEA P 1 . A P 2 . AP 3 . A P 4 (C 

Uf^'i o) . ^©«?f o^sussn^i^js 

fflW* (^^^7-1 l) . *©«r#i3#H)g;?*x£il^ 
«$us5fflttEtif*ff -^^ta^-r -5 C £ £ 3 n 

•2). ^«C. HS3-l/-hTl' *>63-U- 

hT*aL5H.>fc«aKlSi;-ceaHI»G6{CSrJ*^ 

a? t- >\>j*)\<-7W3tomT>7 * ^ x - £ e ©assBttaas 

i e' ##4«>6*l£ (Xf-^12). -e©B^|g«i* 
e" ^EPJH13n-5)C£-C. Xd* h^^^^HKiffl 
T i 7 9^ X — 4? E Six >ffi^j^bKct 0 $M^96^ 

3) . if?7L^C>lS^BX^^7-ltC5l^ 0 ^(DfeTm 

[0 0 3 0] ±IE*«a5*«:«l:n«. X?7'J>^*^ 
-Jl- 1 *»flE0Tt>RE4**4 £©ra©@^tS;©<iS 
T4c«fc0 3-U- h T36«{tCttl»*i^. Slf^5h£ 
miIVK*ft&^-5^1 @M3-U-h T 1* ». tftfiBL 

fciiuniKG y tiiiv £ jc>ptrr>-r -5^2 g^3 - u - 

50 -U-hrl' iI21i3-u-h T 2- ©tp-c*fi*f 
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ffl*i^3t^<D»2@IR3-U- Ft 2' 4&tH3-U 

n*. -r*^. -e-©^2)^fta:^fii5 7" «n^©m 

JZBSr' 4, t^tU^n/c}iSlf^5h<t^jlV<ttc)t;D 
fcllffillStfflSa' 4©fn*B«*fefc$" 4-rsc 
4t, teft©i%|j(*E5±L-rmias^ib©^{L*0^c 

ISH*&©{£T#&< . *lBt3-U-hTl* #*2 
S«3-U-h7 2- j:Q64\3<ttSflte. SS2flSft 10 

i$^fii57' ». an B«3-u-hTi" it^msn 

«2)Kft^ffl57 - 4. *WH3tifc»fMI$h4*a 
V4tc«;Cfc*lttft«Beff* a' 4©ffl*B«ieft* 

• 4TSC4-C. Je-©«k^ft5h4*j*V<b{CjEDr» 

mzommMz. fttciigsa-u-hrr 4^2 

-b-h4tfctH3*lfc3-U- h74©<iM*fTfe?fi-r 20 

j: 5 tcwtai3ti*©-c. *<a-eti©«a»*si>{c^r 

*©*Kf±-C»*. 8 6(C. S8ffi4j£t&4 4©fH©®lg 
llia-V-hrl' »»2B*3-U-hT2" «fc 

•)4>**<fc*©-e. *©si gga-u- f-7 r 4 

^tt!3-U-hT4©{i^{i. S21«3-U-Ft2 

• iDttH 3 - u - F r ifflffiU: 0 t»** < 44. *© 

mr * * ^ x - $ e £ iEM t, r x > i? >w^j *$ijffl)-r -s 
cit, ^©x>^>tB*©ffP«ls«^c*< cn 30 
CCcfcO. 8Sffi4**S4 4©lffl©S^»*s(£T-rSti^ 
K. x>i?>w#©«i*tt*;*:#< Lr*W*»©«S 

[0 03 1 ] *»W«JJE5»S»»««JB«K:|«e3 
ftttl*. Witt, mtftShlCRTL'C&rEVfri'T&m 
f»{C»l6"r**>©4L. »l«ftK3£ii*a* 4*fctt 

»f¥ h ;u ^ t 4 mmv ±<Dffl<Dm%z"?£>mib-am 

L, *©BBflMc«-3*tfta»fgf-Ji/d»T4*aiV4«:iS 

c». Sfc, Sffiisa-u-hrr i^2SSa-u 40 
-f-r2* ©«f-Cte*fffi*^3t^©S«3-b-h4 
tftttLfc3-u-hT£©ra£*tt5flrrJfc5cc. 

©wufcattwcac < wtocftft L-fco. *s n 
{^■WjKfU.r*ii©ig»^*iW»r s «t 9 k or 4> 

«fct>. »flfcfflT^9^x--*M4 0'r±f2©J:-5 

? ? » x- $ letter teur 
t>Tfcj:<. c ©«•£•. «©ttEri'g 1 iX-^^,iEiti 

4 ©siiijjffljsji 4 »9fejB**ffl-r sct-c. jhw^ 



tSM 2001-219862 
12 

ffl w gmsMmi -> * f a k r # s . 

[0 03 2] 

r-A5:»mofcmMtC*3^r. S8®4igftt4©|i}J©g}£ 
WRiWSTl/fe^K;. teft#s26«Snrsc4*5fc<. $ 

«umb£j«x >y xommmwir £ c 4 -C^M^Uj 

©S^{b?r^I*W(Cll £ C 4 #"C * Z&ffimmtfe%iS.i: 
[0 03 3] 

[ffc©8fi5©Bi§^] ^7-T'J>^*-/-;l/4mte<i:A3^ 

mm*. ¥ =7 a - cc «t s x ^ r y > -r - ;u©fii^ 
©3an-^5^(c^t,^c4Lr^. xfr^^-f- 
;u©Sim* F5-f^-«:*ft40*i!t<. *as^**«$ 
Cc|*<?c£a«-e#fcft>ofc. £/c. sMMeF^-f^-tc 
4^r«. M»$«DX f 7 'J > i'* - JKD WBI l 

mmma ¥ ? ^^'-©wso^-rs ci#t»«t*-j 
fc. -ec-c, a<©s©mfitcj;s^7 i T';>^^-^ 
©afpKjs ct wmwttc <k o $ntaj3 n-s^^r * 

^«s«j«cja*s-rsc4fe< . «©n*(ci&(;rttft«% 

HMK. J»*JS*»SI5®S©syi{c<fc Q«f|nqiB«Mn 
Xf7 y >^W-A-4»n ^©tiKj^T y >^ 

- ;u©tsmcj£D-cj$*£;BT f x- $ zmmmm. 
©*iJPJlSfc v x^ry^^-r-j^J&^iffiajx-y- 

T y > A -^©&{^©#©{5m£GBfc-f SA>«rafR 

> y ^ - i ffiia^ f-r y > -;u©»ffijssi* 

»ff h JH»^K*-3»»»e©»aittSr*IWr-S-4l(ltt*lt 
fcit. *©^-Y ^9 1 ^mc < i(3jltR3n/da'J©Slf / P^5l 
fttt©W,»flW©HM¥(cj£;D-CtM6flBr i'a 1 ^ x- ^*|g 

tt-rsi^cct-^.©^, Hffl^sw^ww^xr-A 
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